Climate response functions of the joint freshwater budget of the Arctic and North Atlantic oceans to changes in external wind forcing in an otherwise fully coupled earth system model by Kovacs, Tamas & Gerdes, Rüdiger
Climate response functions of the joint freshwater 
budget of the Arctic and North Atlantic oceans to 
changes in external wind forcing in an otherwise 
fully coupled earth system model 
Tamas Kovacs, Rüdiger Gerdes
6th FAMOS meeting | 24-27 October 2017
photo (C) Stephan Hendricks
Outline
• Methods - A fully coupled Earth System Model
- with a partial coupling technique
• Model run setup - CRF experiments with wind                   
forcing anomalies
• Model results - sea ice
freshwater content
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Methods – MPI-ESM
• Max Planck
Institute
Earth System
Model
• Fully coupled
• Low resolution version – MPIOM ocean component:
- 1.5° horizontal resolution (15 - 185 km)
- poles over Antarctica and Greenland
- non eddy-resolving (Jungclaus et al. 2013)
MPI-ESM structure of model components (Giorgetta et al., 2013)
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Methods – Modini
• Partial coupling technique (Thoma et al. 2015)
• MPIOM driven by prescribed wind stress anomalies
• Wind stress forcing from NCEPcfsr (Saha et al. 2010)
MPI-ESM structure of model components (Giorgetta et al., 2013)
Observations
Energy/Momentum
Modini
Thoma et al. 2015
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Methods – Experiment setup
Fully coupled run with wind speed from coupling, then with NCEPcfsr wind anomaly
(with historical CMIP5 scenario) (+ RCP4.5 from 2006)
1850                                                                      1979                                          2016
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Methods – Experiment setup
BG+  and  GS−
1850                                                                  1979                                              2016
BG−  and  BG+
Sea level pressure anomalies and associated wind fields (Marshall et al. 2017)
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Wind forcing step function 
introduced
Methods – Experiment setup
Ensemble members with lagged introduction
Sea level pressure anomalies and associated wind fields (Marshall et al. 2017)
1850                                                                  1979                                              2016
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Results – Arctic Sea Ice
Observational data from CryoSat-2 (Ricker et al. 2014), downloaded from www.meereisportal.de 6
Results – Arctic Sea Ice
Observational data: OSISAF (Andersen et al. 2012)
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Results – Arctic Sea Ice
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Results – Arctic Sea Ice
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Results – Freshwater Content
Observational data: from PHC3.0 (Steele et al. 2001) 10
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Summary
Sea Ice
• BG anomalies do not affect the total Arctic 
SIE, but ice thickness shows a distinct spatial 
pattern.
• GS anomalies influence total Arctic SIE, and 
the thickness east of Greenland. There is no 
clear response of ice thickness in higher 
latitudes.
Freshwater content
• BG anomalies result in significant quasi-
symmetric changes in the Beaufort Gyre and 
beyond. There is a much weaker response of 
opposite sign in the rest of the Arctic.
• GS anomalies do not influence the FWC of 
the Beaufort Gyre, but have an effect on the 
FWC of the East Greenland Current
BG+ BG-
GS+ GS-
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Liquid Freshwater Content
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Observational data: PIOMAS (Zhang and Rothrock, 2003)
